Two-dimensional dilational materials, for which the only easy mode of deformation is a dilation are reviewed and connections are drawn between models previously proposed in the literature. Some models which appear to be dilational materials, but which in fact are not, are also discussed. Finally, three new examples of threedimensional dilational materials are given.
(a) (b) Figure 1 : A hexagonal array of telescoping rods welded at 60
• degree angles at the junctions, as shown in (a), is one of the simplest two-dimensional dilational materials [7] . As stated in that paper such telescoping rods are easily realized if one allows for sliding surfaces. Even in two-dimensions, the rods can expand to an arbitarily large distance and not fall apart if one allows for multiple sheaths in the telescoping rod as illustrated in (b): for clarity the sliding surfaces are shown with small gaps. In this and in subsequent figures, except for figure 4, everything that is black is rigid or at least comparitively very stiff. [7] , where the point contacts between the rigid black spoked cores and the rods are treated as hinges. By bending the spokes in the cores one transitions from (a) to (b) and finally when the spokes are bent at an angle of 120
• to the structure (c) proposed by Mitschke et.al. [10] Figure 3: The rotating array of squares of Grima and Evans [5] [11] as shown in figure 4a. As recognised by them, deformation of this honeycomb under finite dilation requires some energy, due to the bending of the ribs as in figure 4b . Suppose we have a beam of such material, M cells wide and L cells long which we clamp in the middle between two lubricated rectangular blocks as in figure 4c . The question is whether the deformation will be one of uniform dilation, costing an energy E 0 per unit cell that is a total energy of W 0 = MLE 0 , or whether the deformation will be closer to that illustrated in figure 4c. To show that it is not a uniform deformation it suffices to obtain a trial deformation field with lower energy. To do so we choose we take a trial field where the deformation is zero outside a transition region, and inside the transition region which is N cells wide is allowed to deform in some way (independent of L) compatible with the boundary conditions at the clamps. Let W be the total energy of the trial deformation, which is independent of L. Then if L is such that W 0 = MLE 0 > W the prefered deformation will not be one of uniform dilation. Note that as the thickness of ribs approaches zero, while the moduli of the ribs are appropriately rescaled, the energies E 0 and W will approach fixed limits: thus the prefered deformation will not be one of uniform dilation even in the limit as the ribs are infinitesimally thin.
Another model which is not a dilational material is the two-dimensional variant of the three-dimensional model proposed in [2] . This variant illustrated in figure 5a, has macroscopic easy deformations which are non-affine. To understand this, take one row of the model as in figure 5b , and consider its deformations as in figure 5c. Within limited ranges the position of the points P i , i = 1, 2, 3, . . . can be chosen independently as can be the angles θ i , i = 1, 2, 3, . . .. Taken together they (and the geometry) determine the position of the points Q i , i = 1, 2, 3, . . . at the top of this row. The next row can be joined to these points, and so on, leaving a lot of internal parameters (the angles θ i , i = 1, 2, 3, . . . in each row) that can be freely varied (within limits), and which (along with the positions of the points P i , i = 1, 2, 3, . . . of the first row) determine the possible macroscopic deformations of the structure. (It may be necessary to assume the structure has bounded extent). This argument does not apply to the three dimensional dilational material proposed in [2] since the orthogonality of the panels in that construction guarantees that the macroscopic easy deformation will be affine, and necessarily a dilation.
The telescoping rod model of [7] , our figure 1, clearly extends to three dimensions. One could, for example, put telescoping rods replacing the nearest neighbour bonds in a face centered cubic lattice, as suggested by Lakes and Wojciechowski [6] , or in a hexagonal close packed lattice, with the ends of the rods welded at the vertices. Replacing the nearest neighbour bonds by telescoping rods in some other lattices such as the cubic or hexagonal lattice will not work as these lattices allow some easy modes of deformations in addition to dilations. If one wishes to avoid sliding surfaces in each telescoping rod, one way of doing this is to use rods which have Sarrus linkages (figure 6) in their center. This is an especially easy way to obtain three-dimensional dilational materials. Interestingly the Sarrus linkage appears in the rotating cuboid structure of Attard and Grima [1] , which exhibits auxetic (but not dilational) properties.
The rotating squares model of Grima and Evans [5] (see our figure 3 ) can also be used as a basis for constructing three-dimensional dilational materials. as illustrated in figure 7 . In any horizontal plane going through a vertex in the model of figure 7c the In three dimensions a Sarrus linkage is a way of creating a telescoping beam without using sliding surfaces cross sectional structure will look exactly like the rotating squares model, and thus the macroscopic deformation in this plane must be one of uniform dilation. The same can be said for the cross sectional structure in any plane at 60
• or 120
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To construct a three-dimensional dilational material using the rotating squares model of Grima and Evans [5] one constructs panels which from the front look like (a) and from the side look like (b). The points E denote edge hinges, and each panel is tapered at the points P . The panels are then assembled into a hexagonal lattice, meeting at the points P at the vertices of the lattice.
Motivated by the three-dimensional dilational material, with the cubic unit cell in figure 19b of [8] , which has as its faces square panels the vertices of which remain square as the material deforms, one can similarly consider equilateral triangular panels as in figure 8 , which remain equilateral as the panel deforms. These panels could be joined together to form regular octohedra (8 panels for each octahedron), and the octohedra stacked with tetrahedral cavities in-between to form a tetrahedral-octahedral honeycomb, which will then be yet another three-dimensional dilational material. C B A (a) (b) Figure 8 : A triangular panel, with vertices A, B and C that always form an equilateral triangle as the structure is deformed. All interior junctions are edge hinges, and the structure tapers to a point at the points A, B and C. Figure 8a shows the panel from the front, and figure 8b the panel when viewed from the side.
